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Abstract 

Packaging software assets for reuse can improve the
potential for others to adopt the software. Packaging the 
software with appropriate documentation and other 
resources can facilitate decision-making by those 
considering adoption and can enable them to implement 
the software more efficiently. Software that can be easily 
integrated is more likely to be shared with others and 
reused by the recipients. 

The NASA Earth Science Data Systems (ESDS) 
Software Reuse Working Group has been chartered to 
oversee the process that will maximize the reuse of
potential software components. As part of this work, a 
portal web site was created to support reuse practices 
within the Earth science community. This portal also 
serves as an example of reuse practices, both as a 
recipient and as a contributor to reuse. 

This paper describes the assets that were reused to
develop the software reuse portal. For each asset reused, 
we identify the type, format, and licensing restrictions. 
This case study exemplifies reuse at various scopes such 
as the application, component, and function level. Aside 
from consuming reusable assets, the software produced 
was also made available for reuse. We address proper 
packaging methodologies to foster easy integration and 
reuse.  

We obtain various reuse metrics based on an analysis 
of the final system and the impact in our community. We 
identify caveats in current metrics such as consideration 
for emerging technologies and intangible benefits. 

    

1. Introduction 

The National Aeronautics and Space Administration 
(NASA) Earth Science Data Systems (ESDS) Software 
Reuse Working Group (WG) was established in 2004 to
promote the reuse of software and related artifacts among 
members of the ESDS data product and software 
development community. Members of the ESDS Software
Reuse WG include software and data product developers 
employed by NASA, universities, and other organizations 
currently working with NASA on grants and contracts. 

The Software Reuse WG is chartered [1] to oversee the 
process that will maximize the reuse potential of software 
components in order to: 

1. Drive down the cost and time of system development,
and reduce/eliminate expensive redundancy and 
duplication in system development, 

2. Increase flexibility and responsiveness, and 
3. Increase effective and accountable community 

participation. 
The Working Group makes recommendations for 
activities to NASA Headquarters through the ESDS 
program office, supports and enables those activities, and 
also offers recommendations on intellectual property 
issues. 

As part of its initial outreach and education strategy, 
the ESDS Software Reuse WG began planning for a web
presence that would serve both the working group and 
other members of the community who could benefit by the 
activities of the working group. A web presence also 
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could offer community members an opportunity to 
contribute to working group efforts. The working group 
decided that the portal should provide a place where 
members of the community could visit to obtain 
information on software reuse and to identify other 
resources that could assist in the reuse of software needed 
for the development of Earth science data systems. 

The working group’s outreach and education goals that 
could be facilitated by a web presence, or portal, were 
identified. These goals included the development and 
identification of resources to foster reuse awareness and 
understanding. Purposes for the portal also were identified 
[2], including: 

o Distribute resources on reuse for the Earth science 
community, 

o Establish a platform for community members to 
share/exchange resources with each other, 

o Be the gateway for reuse information relevant to 
the community, 

o Make access to reuse resources easier, and 
o Become the major starting site for reuse within the 

community. 
Based on the purposes identified for the software reuse 

portal, the working group identified categories of content 
to populate the portal, including featured projects, asset 
catalog, reuse tool catalog, reference library, external 
resources, support tools, hot assets, events, news, and 
funding opportunities [2]. Each content category was 
defined and initial mockups were created for the portal 
content. 

The Software Reuse WG then identified the 
requirements for content management software that could 
be adopted for the implementation of the software reuse 
portal. Considering the mission of the Software Reuse 
WG, open source software was considered. Other 
requirements identified for the content management 
software included ease of use and administration 
capabilities. 

After identifying and reviewing candidate content 
management software packages, the working group 
proposed the use of Plone for the software reuse portal. 
Plone is an open source content management system that 
has been adopted by various organizations for content 
management applications [3]–[4]. The system 
administration group reviewed the installation 
requirements and the operational capabilities of the Plone 
software to determine whether the software could meet 
administrative and security requirements for deployment. 
Plone met these requirements and was selected. 

The software reuse portal web site is an information 
portal, but is not a repository/catalog for reusable assets. 
The infrastructure and software behind it are not designed 
for that capability. The Software Reuse WG has 
recommended that a NASA Earth science software reuse 
enablement system be developed and has taken several 

steps in that direction, such as developing the 
requirements for such a system. 

2. Software reuse portal development and use 

The NASA Software Reuse portal has been developed 
in stages and continues to be developed. The Plone 
software was installed on a server for initial testing and 
review, and accounts were established for the members of 
the working group support team who would serve as the 
portal administrators and content providers. The home 
page of the web site is shown below in Figure 1. 

Figure 1 – Software reuse portal main page 
(http://www.esdswg.org/softwarereuse/) 

Selected content categories, which had been identified 
previously, were used to organize the portal for 
navigation. The working group established criteria and 
procedures for recommending, reviewing, and selecting 
items to be included within each content category. In 
addition, an online form labeled “Suggest a Link” was 
established to enable visitors to recommend content or 
submit suggestions for improving the portal. The software 
reuse portal serves as the gateway for the members of the 
Software Reuse WG and other members of the Earth 
science data systems development community who are 
interested in obtaining information relevant to the reuse of 
software and other information assets. 
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During its first two years of operation, the organization 
of the portal content has evolved and its functionality has 
been improved to reflect suggestions offered by members 
of the working group and by other members of the Earth 
science data systems development community. Statistics 
are not available for the first six months, but results from 
November 2005 to February 2007 show that there have 
been approximately 9300 visits and 31000 page views 
made by about 7200 unique visitors. The number of visits 
has been increasing over time, as has the number of repeat 
visitors. Our site’s ranking on the major search engines 
(Google, Yahoo, and MSN) has been as high as the top 
three for search terms as general as “software reuse”, and 
the main page earned a Google PageRank of 6 before the 
site was moved in May 2007. 

A number of different software assets were reused in 
the production of the portal web site. Table 1 provides 
some basic information about the main components that 
were reused. 

Table 1 – Key assets reused to make the reuse 
portal web site 

Asset Reused Source Format License 
Zope (1.3) Online Python ZPL [5] 
Plone 2.0.5 Online Python GPL [6] 
NASA 
CSS/Template 

Online 
(internal) 

CSS/HTML N/A 

DB Code Online DTML N/A 
(Example 
code) 

Trade Studies Co-worker 
webmasters 

N/A N/A 

The Zope Public License (ZPL) “has been certified as 
open source. It also has been designated as GNU General 
Public License (GPL) compatible by the Free Software 
Foundation (FSF).” [5] Zope and Plone build on top of 
open source software such as Linux, Apache, and Python. 

2.1. Description of assets reused 

Zope is an open source application server written in 
Python that can be used to build content management 
systems (CMS) and other similar applications. It makes 
use of objects stored in a database, rather than files, to 
publish content to the web. It also provides several 
options for writing the templates for HTML pages, 
including Dynamic Template Markup Language (DTML), 
and Zope Page Templates (ZPT). One CMS that uses 
Zope is Plone, another open source application. It has a 
workflow engine and a fine-grained and role-based 
security model, both of which provide control over the 
publication of material to the web. It is compliant with 

standards such as those for accessibility (e.g., Section 508 
of the Rehabilitation Act (29 U.S.C. 794d)), and can 
operate with web services such as the Lightweight 
Directory Access Protocol (LDAP) or Simple Object 
Access Protocol (SOAP). 

NASA web sites typically have a common look and 
feel, and NASA helps webmasters produce these sites by 
supplying them with templates. These templates provide 
the necessary information to create things like the 
standard header, footer, layout, color scheme, and menu 
buttons used on many NASA web sites. With some 
modifications for use in the Plone environment, we were 
able to make use of these templates to help simplify the 
creation of our site. 

2.2. Forms of software and information reuse 

Plone itself demonstrates application reuse, which is 
defined as “reusing an entire application by incorporation 
of one application inside another” [7]. It is a content 
management system that “uses the Zope application server 
infrastructure” [8] as the core of its system. The use of any 
content management system, where the content of a page 
can be separated from its appearance/presentation, 
provides a framework for reuse of a look and feel, such as 
the One NASA theme used by many NASA sites. 

The use of various Plone modules and add-ons could 
be considered component level reuse [7] as they are 
complete sub-systems utilized to fulfill a requirement. For 
example, we experimented with a Wiki module developed 
by a third party that integrates with Plone. This entire 
component was integrated and evaluated in our system. 
Though we chose not to use it, this demonstrates reuse at 
the component level. 

A portal feature designed to receive input from the user 
community and track it in our database was tailored from 
sample DTML code. The reuse of a software asset for a 
well-defined function is considered function reuse [7]. 
Our “Suggest a Link” form was created through this type 
of function reuse. 

Other forms of information reuse such as lessons 
learned came from system maintainers and other web 
developers who had experience with various content 
management systems. We utilized these sources for 
feedback on Plone’s ease of use, interoperability, support, 
flexibility, security, and performance. 

3. Packaging the portal to foster reuse 

Recognizing the needs for two of the other three ESDS 
working groups to implement portals, the Software Reuse 
WG created a package to assist any other working groups 
in the implementation of a web portal using Plone. The 
package was a compressed zip archive that included the 
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Plone software, the enhancements that the Software Reuse 
WG had completed to meet their own needs as well as 
those needed to meet NASA requirements, and associated 
documentation. Aspects of the portal design and layout, 
including the NASA style sheets and the templates for the 
header and footer, which appear on each page, were also 
included in the package. The included documentation 
consisted of a quick start guide, general operating 
procedures, integration instructions, a reference guide, and 
source documentation. Packaging the software has 
enabled other working groups to easily adopt the content 
management system as a portal, and has enabled others to 
replicate much of the functionality and appearance that the 
Software Reuse WG completed during the design, 
development, and testing of the Software Reuse portal.  

As a typical system engineer spends 75% of his/her 
time on the requirements, design, and debugging process 
[9], it is critical to include design documentation, design 
patterns, and/or software architectures in software that is 
packaged for reuse. In fact, it has been shown that reused 
requirements, design, and documentation require 
significantly less debugging [9]. Therefore, the package 
included documentation to assist other adopters in the 
installation and implementation process. 

4. Measuring reuse 

Packaging the portal for reuse has offered benefits for 
the other groups that have adopted various aspects of the 
software reuse portal to serve their portal needs. Major 
benefits are saving time and money for development of a 
portal system. Also, by getting Plone approved for use at 
Goddard Space Fight Center and creating a NASA 
template for Plone web sites, the Software Reuse WG has 
made it easier for other groups to run their own Plone web 
sites. 

The savings of time and money of each instance of 
reuse can be approximated using existing formulas. For 
example, the COCOMO (Constructive Cost Modeling) 
model developed by Barry Boehm [10] provides a method 
for estimating the cost, effort, and schedule involved in 
software development activities. For our purposes here, 
we have made the estimate using COCOMO 81, the 
original version, which provides a relatively simple way to 
estimate effort. Additional information can be found at, 
for example, the Center for Software Engineering’s web 
page [11]. 

The basic concept of the COCOMO 81 model is that 
the development effort can be expressed as E=a×Sb, with 
effort E in staff-months and size S in thousands of lines of 
code (KLOC). The factors a and b are constants that 
change according to the estimate required. Projects are 
categorized as organic, semi-detached, and embedded, 
primarily by their size. Typically, organic projects are 

small, semi-detached projects are of medium size, and 
embedded projects are large. For the basic COCOMO 
model used here, the factors a and b for each size/type 
project are given in Table 2 below. 

Table 2 – Factors a and b for COCOMO 81 

Organic Semi-
detached 

Embedded 

a 2.4 3.0 3.6 
b 1.05 1.12 1.20 

We estimate that we have written approximately 500 
new lines of code (S=0.500), and that the project is semi-
detached (a=3.0 and b=1.12). This corresponds to a 
development effort of approximately 1.4 staff-months. 
This is a very conservative estimate, as it does not include 
the effort to learn emerging and/or relatively obscure 
technologies such as DTML and the Gadfly database, the 
relational database management system written in Python 
that is provided with Zope. We have provided three other 
groups with the results of our work, in order to help them 
produce Plone web sites that conform to the NASA look 
and feel. By our previous calculation, each group has 
saved 1.4 staff-months of development time by utilizing 
our software packaged for reuse. This translates to a total 
savings of 4.2 staff-months, which accounts for savings to 
date. More recently, we have been approached by other 
groups seeking our work. If they choose to reuse what we 
have done, the total savings will be higher than our current 
estimate. 

One can also use a general formula to approximate 
percentage of reuse [12]: 

Reuse % = (Reused Statements / Total Statements) × 100 

Using this formula and a conservative estimate for the 
number of lines used from Plone, Zope, NASA templates, 
etc., approximately 95% of our system was created 
through reuse. 

The use of Plone and Zope themselves save 
development effort, since the functions they provide do 
not have to be developed from scratch. The Software 
Reuse WG determined that Plone and Zope meet most of 
the functional requirements for our portal web site, and 
would presumably do so for any other group choosing to 
use them, so we use many of the features provided by 
these software packages. This reuse has noticeably 
reduced our development effort, and the software reuse 
portal web site was produced in about 6-8 weeks. Having 
learned how to install and configure a Plone web site, we 
can now assist others in producing a similar site in about 4 
hours [13]. 

However, the benefits go beyond that of code reuse. In 
order to run a web site using the Plone content 
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management system, we had to get approval from system 
administrators and other relevant parties, since this 
involved installing a new package on our web server. As 
the first web site on that web server, we also had to follow 
specific procedures to enable public access to the web 
site. Some other groups who use the same server have 
benefited from these efforts, since they do not have to go 
through all of these processes. Plone has been accepted 
for use and the web server is publicly accessible, creating 
additional reuse-related savings. 

5. Discussion, lessons learned, and next steps 

Members of the working group also provided 
assistance to other groups by answering questions about 
the implementation and use of Plone and the 
enhancements that have been packaged with it. Answering 
such questions has provided an opportunity to consider 
improvements. For example, we were able to improve the 
workflow configuration of our own site after helping 
another ESDS working group with their site’s workflow. 
Also, this has made it easier for these groups to implement 
their sites since they can reuse the knowledge and 
experience of the Software Reuse WG. 

The server that hosts the software reuse portal has been 
taken off line on a few occasions due to maintenance 
requirements and security concerns. Other portals, in 
addition to the software reuse portal, are being hosted on 
the same server, which has increased the necessity to take 
the server off line. Because of this, we recommend that 
the adopters of Plone fully implement and test their 
portals on a separate development environment before 
deploying on a production server that is being used to 
support communities. We also believe that improvements 
in the documentation to support deployment could help 
avoid or lessen such problems. We have learned that more 
communication, on a more regular basis, with the groups 
hosting the other portals is a way to ensure that we are all 
making the best use of Plone possible. 

One of the lessons learned from our experience with 
Plone is how to manage users and privileges. This is an 
important part of the configuration that helps with the 
security of the site. Privileges can be set at the user level 
so that, for example, certain users are only allowed to edit 
certain sections of the site, and no one (except the 
administrator) can edit everything. Also, content can be 
put into different states, such as public or private. Who 
has access to private content is part of the user privileges, 
and can only be given to people with valid user accounts 
on the Plone system. This allows us to do things such as 
place content on the site and work on it before it goes 
public by leaving it in a private state, or to remove some 
older material that may be less relevant by putting it into a 
private state instead of deleting it from the site.

Another lesson learned deals with workflow 
management. This is another configuration that affects the 
security of the site. Our site has been configured so that no 
changes can go live on the site without the administrator’s 
approval. The workflow we have set up requires users to 
submit their changes for approval before they are made to 
the live site. This gives the administrator the opportunity 
to check all edits and confirm that they are relevant and 
necessary before allowing them to be made public. By 
using a well-defined workflow process, it is clear what 
state content is in, and how it is permitted to changes 
states (e.g., to become publicly viewable). 

While some of these lessons may appear to be specific 
to the use of Plone, they are applicable to any other 
system that has a similar structure. Our lesson on 
managing users and privileges can apply to any system 
that has a similar method of granting privileges to users. 
Our lesson on workflow can be used with any system that 
has a similar workflow process. 

We have also noticed that software reused in other 
applications tends to market itself. In our case study, some 
of the projects who reused our web template received 
inquiries relating to reusing their software. These projects 
can direct people back to us as the original creators of the 
template. However, if they choose to pass on the work 
they reused instead, we have a second generation of reuse:  
the reuse of reused work. This is evidence that reuse can 
grow beyond what the original creators are aware of, 
resulting in higher total savings than estimated by the 
creators. 

Our next steps for the site include providing additional 
resources on reuse recommended by community members. 
For example, working group members have created 
guidelines on various reuse-related topics from the 
developer’s perspective (bottom-up reuse) in response to 
feedback that previous work by the working group had a 
more top-down perspective. We are also working on 
developing a reuse enablement system for the community 
of Earth science software developers in order to help them 
share reusable software assets more easily. Our goal is to 
incorporate this system into the portal web site to provide 
easy access to the information it contains in a location 
already familiar to current users. 

6. Summary and conclusions 

While this is a medium scale example of software 
reuse, the key elements to fostering reuse apply in any 
scope. Regardless of the level of reuse (application reuse, 
component reuse, functional reuse, etc.), clear 
documentation, and often support from previous adopters, 
are necessary to aid adoption. Packaging such supporting 
materials along with the software has enabled others to 
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adopt the software with much less effort than that 
experienced by the Software Reuse WG [13]. 

While this case study demonstrates value-added 
aspects of packaging software to improve the potential for 
software reuse, the existence of other barriers to software 
reuse also are recognized. For example, organizational 
aspects also can influence the potential for successful 
software reuse [14].  

It is also important to note the significant savings 
realized from making a software asset available for reuse. 
While it can be hard to accurately quantify the benefit 
from reuse, long-term analysis of cost-benefits become 
evident over time.
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